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SUMMARY 

An i n v e s t i g a t i o n  w a s  made i n  t h e  LMAL 7- by 10- foo t  
t u n n e l  of v a r i o u s  m o d i f i c a t i o n s  t o  the t r a i l i n g  edge o f  a 
0.155- chord p l a i n  a i l e r o n  on a s e a i s p a n  model o f  t h e  
t a p e r e d  wing o f  a f i g n t e r  a i r p l a n e .  The m o d i f i c a t i o n s  
c o n s i d e r e d  i n  t h e  p r e s e n t  r e p o r t  a r e  i n s e t  t r a i l i n g- e d g e  
t a b s  l i n k e d  t o  t h e  a i l e r o n  i n  such  a way t h a t  t h e  t a b  
d e f l e c t s  i n  t h e  o p p o s i t e  d i r e c t i o i i  from t h e  a i l e r o n  and 
reduces t h e  a i l e r o n  s t i c k  f o r c e s .  p e s t s  were mad,e t o  
de te rp l ine  t h e  e f f e c t  of t b e  gap a t  t h e  a i l e r o n  nose  and  
t h e  e f f e c t s  of t a b  span  and l o c a t i o n .  

An a n a l y s i s  was  made o f  t h e  u s e  o f  a s p r i n g  i n  t h e  
a i l e r o n - t a b  l i n k a g e  t o  e l i m i n a t e  t h e  p o s s i b i l i t y  o f  over-  
b a l a n c e  a t  low speeds  and t o  r educe  t h e  v a r i a t i o n  o f  s t i c k  
f o r c e  wi th  speed.  

The s t i c k  f o r c e s  and r a t e s  o f  r o l l  were e s t i m a t e d  f o r  
a f i g h t e r  a i r p l a n e  w i t h  p l a i n  a i l e r o n s ,  a i l e r o n s  w i t h  s i m -  
p l e  b a l a n c i n g  t ab s t  and a i l e r o n s  w i t h  s p r i n g- l i n k e d  
b a l a n c i n g  tabs. 

, 

The r e s u l t s  of t h e  t e s t s  and compu ta t ions  i n d i c a t e d  
tha t  t h e  u s e  of  a i l e r o n s  w i t h  s i m p l e  o r  s p r i n g- l i n k e d  t a b s  
would r educe  t h e  high-  speed s t i c k  f o r c e s  t o  a o n s i d e r a b l y  
l e s s  than t h o s e  expe r i enced  i n  t he  u s e  o f  p l a i n  s e a l e d  
ai leroizs i f  t h e  a i l e r o r :  d e f l e c t i o n s  v e r e  no t  e x c e s s i v e .  
The use  o f  s p r i n g- l i n k e d  t abs  des igned  t o  g i v e  t h e  d e s i r e d  
c h a r a c t e r i s t i c s  a t  h i g h  speed w o u l d  r educe  t 3 e  v a r i a t i o n  
o f  s t i c k  f o r c e  wi th  speed and w o u l d  a l s o  c a u s e  a n  i n c r e a s e  
i n  a i l e r o n  e f f e c t i v e n e s s  f o r  a g i v e n  s t i c k  d e f l e c t i o n  as  
t h e  speed  was r educed .  The p o s s i b i l i t y  of f l u t t e r  be ing  
i n t r o d u c e d  by t h e  p r e s e n c e  o f  t h e  s p r i n g  mas no t  i n v e s t i -  
gated.  



- T h 3  r e s u l t s  of t h e  v a r i o u s  i r v e s t t g a t i o n s  of  t h e  
LPr.%nigtab b o t h  h e r e  and i n  England i n d i c a t e  t h a t  t h i s  

d e v i c e  i s  v e r y  p r o m i s i n g  a s  a nea.ns o f  a d j u s t i n g  c o n t r o l -  
s u r f a c e  h.inge moments and  i t  i s  reccrniuepded t h a t  f u r t h e r  
i n v e s t i g a t i o n  o f  i t  be c a r r i e d  out  i n  f l i g h t .  

I N T B  .ODUCT I ON 

I n  view of t h e  inc reased .  impor tance  o f  o b t a i n i n g  
adeqv-ate l a t e r a l  c o n t r o l  w i t h  r e a s o n a b l e  s t i c k  f o r c e s  
under  a l l  f l i g h t  c o n d i t i o n s  f o r  h igh- speed  a i r p l a n e s ,  t h e  
NACA has eagaged i n  a n  e x t e n s i v e  p r o g r a m  o f  l a t e r a l - c o n t r o l  
r e s e a r c h .  The a u r p o s e s  of t h i s  program a r e  t o  de t e rmine  
t he  c h a r a c t e r i s t i c s  of e x i s t i n g  l a & e r a l - c o n t r o l  d e v i c e s ,  
t o  d e t e r m i n e  t h e  e f f e c t s  o f  v a r i o u s  m o d i f i c a t i o a s  t.0. e x i s t -  
i n g  d e v i c e s ,  and t o  deve lop  new d e v i c e s  th.at show p r ~ m i s e  
of b e i n g  m o r e  s a t i s f a c t o r y  t h a n  t h o s e  pow i n  u s e .  The 
p r e s e n t  t e s t s  were made t o  f u r . n i s h  aerodynamic d.afa f o r  
u s e  i n  t h e  d e s i g n  of l i n k e d  balanci lzg tabs and t o  det .ermine 
t he  e f f e c t s  o f  varying:  t h e  . tab span ar,d l o c a t i o n .  R o l l i n g  
moments, yawing moments, and a i l e r o n  h i n g e  moments .were 
o b t a i n e d  w i t h  t h e  t a b  locked  a t  v a r i o u s  d e f l e c t i o n s ,  f o r  

c h a r a c t e r i s t i c s  c f  t he  i n d i v i d u a l  a i l e r o n .  A l s o  $ r e s e n t e d  
a r e  t h e  e s t i m a t e d  a i l e r o n  c o n t r o l  c h a r a c t e r i s t i c s  o f  a 
p u r s u i t  a i r p l a n e  equipped  w i t h  p l a i n  unba lanced  a i l e r o n s  
and w i t h  t w o  a r r a n g e m e n t s  o f  t ab- ba lanced  a f l e r o n s .  

ap sealed and u n s e a l e d ,  and g r e  p r k s e n t e d  a s  

A P P U A T U S  AND METEODS 

T e s t I ns  t a 11 a t.i o n 

A sea i span-wing  mode l  w a s .  suspended iil t he  LXAL 7- 
by 10- foot  tunnu1  ( r e f e r e n c e  1) a s  shown s c h e m a t i c a l l y  i n  
f i g u r e  1. The r o o t  chord  o f  t h e  model was a d j a c e n t  t o  one 
o f  t h e  v e r t i c a l  w a l l s  o f  t h e  t u n n e l ,  t h e  v e r t i c a l  w a l l  
t h e r e b y  s e r v i n g  2s a r e f l e c t i Q n  ? l a n e .  The f l o w  over  a 
.semispan i n  t h i s  s e t u p  i s  e s s e n t i a & l . y  t h e  same a s  i t  mould 
be over  a c o a p l e t e  wing i n  a '7- b:T 20- foot  t u n n e l .  Al though  
a v e r y  small c l e a r a n c e  was ma in t a tned  b e t n e e n  t h e  r o o t  chord  
o f  t h e  model and t h e  t u n n e l  w a l l ,  no p a r t  o f  t h e  model  was 
f a s t e n e d  bo o r  i.n c o n t a c t  w i t h  t h e  t u n n e l  F a l l .  The model 
mas suspended e n t i r e l y  f r o a  t h e  ba l ance  frame,. a s  show,n i n  
f i g u r e  I, i n  such a way t h a t  a l l  t h e  f o r c e s  and moments 
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a c t i a g  o n  i t  might be de t e rmined .  P r o v i s i o n  was made . f o r  
changing  t h e  a n g l e  of a t t a c k  w h i l e  t h e  t u n n e l  was i n  
o p e r a t  ion .  

The a i l e r o n  was d e f l e c t e d  by means of a c a l i b r a t e d  
t o r q u e  rod  c o n n e c t i n g  t h e  ou tboa rd  end of t h e  a i l e r o n  w i t h  
a c r a n k  o u t s i d e  the  t u n n e l  mall and t h e  a i l e r o n  h i n g e  
moments were de t e rmined  f r o m  t h e  t w i s t  of t h e  rod  ( f i g , .  1 ) .  
Tab h i n g e  moments were not  de t e rmined .  

Akodel 

The tapered- wing  model u s e d  i n  t h e s e  t e s t s  mas b u i l t  
t o  t h e  p l a n  f o r m  shown i n  f i g u r e  2 and r e p r e s e n t s  t h e  
c ros s- ha tched  p o r t i o n  of  t h e  a i r p l a n e  shown i n  f i g u r e  3. 
The b a s i c  a i r f o i l  s e c t i o n s  were o f  t h e  MACA 230 s e r i e s  
t a p e r i n g  i n  t h i c k n e s s  from a p p r o x i m a t e l y  l@ p e r c e n t  a t  
t h e  r o o t  t o  8$ p e r c e n t  a t  t h e  t i p .  The b a s i c  chord  c 1  
of t h e  model was i n c r e a s e d  0 .3  i n c h  a t  every  spanwise sta-  
t i o n  t o  r e d u c e  t h e  t r a i l i n g - e d g e  t n i c k n e s s  a n d  the l a s t  
few s t a t i o n s  were r e f a i r e d  t o  g i v e  a s m o o t h  c o n t o u r .  Ordi-  
n a t e s  f o r  t h e  ex t ended  and r e f a i r e d  s e c t i o n s  a r e  g i v e n  i n  
t a b l e  I .  The d e t a i l s  o f  t h e  a i l e r o n  a.nd t h e  f u l l - s g a n  t a b  
a r e  shown i n  f i g u r e  4. Tbe t a b  was d i v i d e d  i n t o  t h r e e  seg- 
ments of e q u a l  span  t h a t  c o u l d  be d e f l e c t e d  i n d e p e n d e n t l y  
of  one a n o t h e r .  

T e s t  C o n d i t i o n s  

A l l  t h e  t e s t s  were made a t  a dynamic p r e s s u r e  of 9 .21  
pounds p e r  s q u a r e  f o o t ,  which c o r r e s p o n d s  t o  a v e l o c i t y  of  
about  60 m i l e s  p e r  hou r  and t o  a t e s t  Reynolds  number of  
about  1 ,540 ,000  based  on t h e  wing mean aerodynamic cho rd  
of 33.66 i n c h e s .  Tha e f f e c t i v e  Reynolds  number of the 
t e s t s  was about  2 ,460 ,000  based  on a t u r b u l e n c e  f a c t o r  of 
1 . G  f o r  t h e  LhAL 7- by 10- foo t  t u i i ne l .  The p r e s e n t  t e s t s  
were made a t  lorn scale, low v e l o c i t y ,  and h i g h  t u r b u l e n c e  
r e l a t i v e  t o  f l i g h t  c o n d i t i o n s  t o  which t h e  r e s u l t s  a r e  
a p p l i e d .  The e f f e c t s  of t h e s e  v a r i a b l e s  were n o t  de t e rmined  
o r  e s t i m a t e d .  

RESULTS AND DISCUSSION 

C o e f f i c i e n t s  and C o r r e c t  ions 

The symbols u s e d  i n  t h e  p r e s e n t a t i o n  of r e s u l t s  a r e :  
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cL l i f t  c o e f f i c i e n t  ( L / q s )  

CD u n c o r r e c t e d  drag  c o e f f  i c i e i i t  ( D / q S )  

Cm pitching-moment c o e f f i c i e n t  ( M / q S c t )  

C 1' r o l l  ing-moment c o e f f i c i e n t  (L' /qbS) 

C n l  yawing-moment c o e f f i c i e n t  (Nl/qbS) 

Ch a i l e r o n  hinge-moment c o e f f i c i e n t  (H/qbaBaa) 

Ach 

C 

C 1  

C '  

c a  

= t  

b 

ba 

b t  

S 

L 

D 

M 

L' 

8' 

Ch of up a i l e r o n  - Ch o f  down a i l e ' r o n  

a c t u a l  wing chord  a t  any spanwise  l o c a t i o n  

chord of b a s i c  a i r f o i l  s e c t i o n  a t  any spanwise 
l o c a t i o n  

mean aerodynamic chord  

a i l e r o n  chord  measured along a i r f o i l  cho rd  l i n e  f rom 
a i l e r o n  h i n g e  a x i s  t o  t r a i l i n g  edge of a i l e r o n  

root-mean- square cho rd  o f  t h e  a i l e r o n  

t a b  chord  measured a l o n g  a i r f o i l  c h o r d  l i n e  f r o m  t a b  
h i n g e  axis t o  t r a i l i n g  edge o f  a i r f o i l  

t w i c e  span  o f  semiapan q o d e l  

a i l e r o n  spRn 

t a b  span  

t w i c e  a r e e  of  semispan model 

tw ice  l i f t  on  senlispan model 

t n i c s  drag  on scmiepan m o d e l  

t w i c e  p i t c h i n g  moment of  semiapnn model abou t  s u p p o r t  
a x i s  

r o l l i n g  moment, due  t o  a i l e r o n  d e f l e c t i o n ,  s b o u t  wind 
a x i s  i n  p l e n e  of symmetry 

y a v i n g  moment, due t o  a i l e r o n  d e f l e c t i o n ,  s b o u t  wind 
a x i s  i n  p l a n e  of symmetry 

L 
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H a i l e r o n  moment about  h i n g e  a x i s  

A H  a l g e b r a i c  d i f f e r e n c i :  o f  r i g h t -  and l e f t - h a n d  a i l e r o n  
h i n g e  moments, foo t- pounds  

9 dynamic p r a s s u r e  of a i r  s t r e a m  u n c o r r e c t e d  f o r  b l o c k i n g  

v f r e e -  s t r e a m  v e l o c i t y  

i n d i c a t e d  v e l o c i t y  'i 

U a n g l e  o f  a t t a c k  

a i l e r o n  d e f l e c t i o n  r e l a t i v e  t o  wing; p o s i t i v e  when 
t r a i l i n g  edge  i s  down 'a 

A 6  r e d u c t i o n  i n  a i l e r o n  d e f l e c t i o n  due t o  s p r i n g  d e f l e c -  a t i o n ,  d e g r e e s  

t a b  d e f l e c t i o n  r e l a t i v e  t o  a i l e r o n ;  p o s i t i v e  when 
t r a i l i n g  edge i s  down 6, 

c o n t r o l - s t i c k  d e f l e c t i o n  
S 

e 
' r a t e  o f  change o f  ro l l ing- moment  c o e f f i c i e n t  

w i t h  h e l i x  a n g l e  pb/2V 

P r a t e  o f  r o l l  

s t i c k  f o r c e  

s p r i n g  c o n s t a n t  (one  s F r i n g ) ,  pounds p e r  f o o t  

F s  

ks 

2 a l e n g t h  o f  a i l e r o n - c o n t r o l  h o r n ,  f e e t  

1, l e n g t h  of' t a b - c o n t r o l  h o r n ,  f e e t  

b l e n g t h  of c o n t r o l  s t i c k ,  f e e t  

A p o s i t i v e  v a l u e  of L 1  o r  C t l  c o r r e s p o n d s  t o  a n  
i n c r e a s e  i n  l i f t  of t h e  model,  and a p o s i t i v e  v a l u e  of  Nl 
o r  On' c0rrespond.s  t o  a d e c r e a s e  i n  d r a g  o f  t h e  model. 
Twice t h e  a c t u a l  l i f t ,  d r a g ,  p i t c h i n g  noment,  a r e a ,  a,id 
span of t h e  model were  u sed  i n  t h e  r e d u c t i o n  o f  t h e  r e s u l t s  
because t h e  model r e p r e s e n t e d  half a comple te  wing. The 
d rag  c o e f f i c i e n t  and t h e  a n g l e  of a t t a c k  have  been c o r r e c t e d  

S 
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only i n  acco rdance  w i t h  t h e  t h e o r y  of % r a i l i n g - v o r t e x  
images. Cor responding  c o r r e c t i o n s  were a p p l i e d  t o  t h e  
r o l -l i n g-  and. yawing-momenk c o e f f i c i e n t s .  No c o r r e c t i o n  h a s  
been a p p l i e d  t o  t h e  hinge-moment . coe f f i c i en t s : .  No correc- 
t i o n s  have  been a p p l i e d  t o  any o f  t h e  r e s u i t s  f o r  b l o c k i n g ,  
f o r  t h e  e f f e c t s  o f  the .support s trut , -  oy f o r  t h e  t r e a t m e n t  
o f  t h e  i n b o a r d  end of t h e  wing, tha t  i s ,  t h e  small gap be- 
tween the  wing and t h e  m a l l ,  t h e  l e a k a g e  t h r o u g h  t h e  wall 
around  t h e  suppor t  t u b e ,  and t h e  boundary l a y e r  a t  t he  w a l l .  
These e f f e c t s  a r e  p r o b a b l y  o f  second- order  kmportance f o r  
t h e  r o l l i n g -  and yawing-moment c o e f f i c i e n t s  (which a r e  
b a s i c a l l y  i n c r e n e n t a l  d a t a ]  b n t  may hav3 nore e f f e c t  on 
t h e  o t h e r  f o r c e s  and  moments, p a r t i c u l a r l y  on  t h e  d r a g  
c o e f f i c i e n t s .  I t  i s  f o r  t h i s  r e a s o n  t h a t  t h e . . d r a g  c o e f f i -  
c i e n t s  a r e  r e f e r r e d  t o  a s  u n c o r r e c t e d .  

C h a r a c t e r i s t i c s  of kode l  v i t h  A i l e r o n  

and Tab N e u t r a l  

The c h a r a c t e r i s t i c s  of t h p  t a p e r e d - n i n g  model w i t h  
t h e  p l a i n  a i l e r o n  and t h e  t a b  f i x e d  a t  zero d e f l e c t i o n  
a r e  shown i n  f i g u r e  5.  The p r e s e n c e  o f  a 0 . 0 0 5 ~  gap a t  
t h e  a i l e r o n  nose  had v e r y  l i t t l e  e f f e c t  on t h e  wing 
c h a r a . c t e r i s t i c s .  

Ail-eron C h a r a c t e r i s t i c s  

P l a i n  a i l e r o n s . -  The c h a r a c t e r i s t i c s  o f  t h e  p l a i n  
s e a l e d  and u n s e a l e d  a i l e r o n s  a r e  p r e s e n t e d  i n  f i g u r e  6. 
A..corrlparison of  t h e  i nc remen t s  between 6, = 15' and  
6, = -15' shows t h a t  t h e  p r e s e n c e  of t h e  0 . 0 0 5 ~  gap a t  
t he  a i l e r o n  nose  r educed  t h e  roll ing-moment c o e f f i c i e c t  
by abou t  1 6  p e r c e n t  and i n c r e a s e d  t h e  hinge-moment c o e f f i -  
c i e i i t  by about  12 p e r c e n t  bu t  ha& l i t t l e  e f f e c t  on  t h e  
s l o p e  of t h e  hinge-moment c u r v e  aC3/a6, a t  small d e f l e c -  
t i o n s .  

A i l e r o n s  w i t h  ful l-sD8.n tabs . -  Tbe c h a r a c t e r i s t i c s  
o f  t h e  p l a i n  s e a l e d  a n d  u n s e a l e d  a i l e r o n s  w i t h  f u l l - s p a n  
t a b s  a r e  shown i n  f i g u r e s  7 and 8 ,  r e s p e c t i v e l y .  The t a b  
c h a r a c t e r i s t i c s  a r e  e s s e n t i a l l y  t h e  same oxi the s e a l e d  
and u n s e a l e d  a i l e r o n s  aEtho?lgh t h e  v a r i a t i o n s  of r o l l i n g -  
and hinge-moment c o e f f i c i e n t s  v i t h  b o t h  ta.b and a i l e l a n  
d e f l e c t i o n  v e r e  g e n e r a l l y  more i r r e g u l a r  f o r  t h e  unseal .ed 
a i l e r o n  t h a n  f o r  t h e  s e a l e d  a i l e r o n .  A t  l o w  d e f l e c t i o n s  
of t he  u n s e a l e d  B i l e x o n  ( f ig . .  8 )  t h e  e f f e c t i v e  r.ange o f  



t a b  d e f l e c t i o n  was f 2 O 0  o r  l e s s  b u t ,  a t  h i g h  a i l e r o n  de- 
f l e c t i o n s ,  t h e  t a b  appea red  t o  m a i n t a i n  i t s  s f f e c t i v e n e s s  
t o  +25', e s p e c i a l l y  .#hen d e f l e c t e d  a s  a b a l a n c i n g  t a b .  
The sealed a i l e r o n  ( f i g .  7 )  wou1.d p r o b a b l y  have  e x h i b i t e d  
s imi l a r  c h a r a c t e r i s t i o s  i f  t h e  t a b  had been d e f l e c t e d  
m o r e  t h a n  1t20'. 

A i l e r o n  w i t h  p a r t i a l - s p a n  t a b s .-  The e f f e c t s  of vary-  
i n g  the .  span  and t h e  l o c a t i o n  of t h e  t a b  on t h e  p2a i r ,  un- 
s e a l e d  a i l e r o n  a t  a Porn a n g l e  of  . a t t a c k  a r e  shown i n  f i g -  
u r e  9 .  The p a r a m e t e r s  aCL1/i36t and  a c h / a 6 t  i n  f i g u r e  
9 a r e  o n e- t w e n t i e t h  of t h e  i n c r e m e n t s  o f  r o l l i n g- ,  ana 
hinge-moment c o e f f i c i e n t s  between t a b  d e f l e c t i o n s  of 10' 
and b l O " ,  

The v a l u e s  of - ach /a6 t  a r e  l a r g e r  f o r  t h e  i n b o a r d  
t a b s  t h a n  f o r  t h e  ou tboa rd  o n e s ,  as was expec t ed  because  
o f  t h e  i n c r e a s e  i n  t a b  and a i l e r o n  chord w , i t h  d i s t a n c e  
f r o m  t h e  wing t i p ,  t h e s e  c h o r d s  b e i n g  a c o n s t a n t  p e r c e n t-  
age  o f  the wing cho rd .  The v a l u e s  of a c t  !/a&, f o r  t h e  
1/3-span t a b s  a r e  about  e q u a l  r e g a r d l e s s  of spanwise  l oca-  
t i o n ,  p r o b a b l y  because  as  t h e  d i s t a n c e  from t h e  wing t i p  
i n c r e a s e s  t h e  i n c r e a s e  i n  t h e  t a b  c h o r d  i s  rough ly  corapen- 
s a t e d  by t h e  d e c r e a s e  i n  t h e  moment a r m  o f  t he  ta'b about  
t h e  assumed a i r p l a n e  ca .nter  l i n e .  The d i f f e r e n c e s  i n  t h e  
v a l u e s  of a c T t / a s t  f o r  t h e  2/3-span t a b s  have  not  been 
a c c o u n t e d  f o r .  

Spring-Linked Tabs 

Recent  s t u d i e s ,  p a r t i c u l a r l y  i n  Engla-nd ( r e f e r e n c & s  2 
t o  41, have  s u g g e s t e d  t h a t  t h e  i n t r o d u c t i o n  o f  s p r i n g s  i n t o  
t h e  l i n k a g e  sys tems  of  b a l a n c i n g  t a b s  a f f o r d s  a power fu l  
means o f  u t i l i z i n g  t h e  p o s s i b i l i t i e s  of t h i s  d e v i c e  w i t h o u t  
t h e  r i s k  of o v e r b a l a n c i n g  t h e  c o n t r o l  a t  low speeds  and 
w i t h  the  a d v a n t a g e  of a r e d u c t i o n  i n  t h e  v a r i a t i o n  of s t i c k  
f o r c e  w i t h  speed.  

The b a s i c  p r i n c i p l e  o f  t h e  s p r i n g- l i n k e d  t a b  i s  t h a t  
t h e  t a b  d e f l e c t i o n  v a r i e s  w i t h  t h e  f o r c e  r e q u i r e d  t o  o-per- 
a t e  t h e  a i l e r o n  i n s t e a d  of v a r y i n g  as a f u n c t i o n  o f  on ly  
a i l e r o n  d e f l e c t i o n .  A t  h i g h  speeds  and h i g h  a i l e r o n  de- 
f l e c t i o n s  t h e  t a b  d e f l e c t i o n  i s  t h e r e f o r e  l a r g e  hu t ,  as 
t h e  speed  and /o r  t h e  a i l e r o n  d e f l e c t i o n  d e c r e a s e s ,  t h e  t a b  
d e f l e c t i o n  a l s o  d e c r e a s e s  and t h e  s y s t e n  app roaches  t n a t  
of a p l a i n  unba lanced  a i l e r o n ;  t h e  v a r i a t i o n  of s t i c k  f o r c e  
w i t h  speed is t h e r e b y  reduced  and t h e  r isk  of o v e r b a l a n c e  
a t  l o w  speeds  i s  e l i m i n a t e d ,  
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A s k e t c h  o f  a s p r i n g- l i n k e d- t a b  sys tem i s  shown 5n  
f i g u r e  10 .  If t h e r e  i s  no  f o r c e  on t h e  a i l e r o n ,  i t  can 
be d e f l e c t e d  w i t h  no r e l . a t i v e  d e f l e c t i o n  between t h e  a i -  
l e r o n  and t h e  t a b .  If t h e r e  i s  a fo rce .  on t h e  a i l e r o n ,  
however, t h e  s p r i n g  connec ted  t o  t h e  a i l e r o n  through t h e  
s p r i n g  c a s e  w i l l  d e f l e c t  a n d  t h e  d i sp l acemen t  between t h e  
p l u n g e r  and  t h e  c a s e  w i l l  c a u s e  t h e  t a b  t o  d e f l e c t  r e l a -  
t i v e  t o  t h e  a i l e r o n .  An i n c r e a s e  i n  f o r c e  on  t h e  a i l e r o n  
w i l l  i n c r e a s e  the ep.ring d e f l e c t i o n  and t h e r e b y  t h e  t a b  
d e f l e c t i o n .  $ t  can be s e e n ,  t h e r e f o r e ,  t h a t  t h e  t ab  de- 
f l e c t i o n  w i l l  v a r y  w i t h  t h e  f o r c e  on t h e  a i l e r o n .  I n  a n  
a i r  stream t h e  t ab  d e f l e c t i o n ' w o u l d  r eduee  t h e  a i l e r o n  
for .ce  and a s t a t e  of e q u i l i b r i u m  would be r eached  a t  a 
p o i n t  dep,ending on t h e  geometry o f  t h e  sys tem.  Fo r  a 
g i v e n  l i n k a g e  a r r angemen t ,  8s t h e  s t i f f n e s s  of t h e  s p r i n g  
a-Dproaches i n f i n i t y  ( o r  a s  t h e  spe.ed a p p r o a c h e s  z e r o ) ,  
the sys tem approaches  t h a t  of a p l a i n  a i l e r o n  and ,  a s  t h e  
s t i f f n e s s  of t h e  s p r i n g  app roaches  z e r a  l o r  a s  t h e  speed  
app roaches  i n f l n ' l t y ) ,  t h e  system approaches  tha t  of a 
aervo.tab. 

If t h e  spri'ng i s  p r e l o a d e d  by be ing  i n s t a l l e d  i n  a 
compressed c o n d i t i o n  (by u'se o f  screw c a p s  on t h e  spr . ing 
c a s e  i n  f i g .  lo), t h e  t a b  would n.ot d e f l e c t .  u n t i l  t h e  
a i l e r o n  f o r c e  exceeaed  t h e  anount  o f  sx,.rI.ag p r e l o a d  and 
C.he i n i t i a l  s l o p s  o f  t h e  s t i c k - f o r c e  xurv-e would be h i g h e r ,  
g i v i n g  t h e  s t i ck ;  more '  f e e l  n e a r  n e u t r a l ,  An a i r p l a n e  
equipped w i t h  a t a b  and p r e l o a d e d  s p r i n g  hgs been t e s t -  
f lown i n  England and t h e  f l i g h t - t e s t  r e s u l t s  a g r e e d  r e a-  
sonably  w e l l  w i th  t h e  e s t i m a t e d  c h a r a c t e r i s t i c s .  These 
t e s t s  i n d i c a t e d  t h a t  b a c k l a s h  i n  t h e  t a b  sys tem shon1d be 
e l i m i n a t e d .  

The types o f  s t i c k - f o r c e  c u r v e  t h a t  may be o b t a i n e d  
f r o m  a i l e r o n s  w i t h  s p r i n g- l i n k e d  t abs  by va 'rying t h e  v a l u e  
o f  t h e  s p r i n g  c o n s t a n t  ks and t h e  s p r i n g  p r e l o a d  a r e  
shown i n  f i g u r e  11. The r e d u c t i o n  o f  maximum pb/2V w i t h  
r e d u c t i o n  o f  s t i c k  f o r c e  ( f i g .  l l ( a ) )  may sometimes be 
compensated by a n  i n c r e a s e  of  a i l e r o n  d e f l e c t i o n .  

I t  h a s  a l s o  been s u g g e s t e d  ( r e f e r e n c e  3 )  t h a t  t h e  t a b  
l i n k a g e  be made i n  such  a may that , ,  w i t h  a n  i n f i n i t e l y  
s t ro i ig  s p r i n g ,  t h e  t a b  w i l l  t e n d  e i t h e r  t o  b a l a n c e  o r  t o  
unba lance  t h e  a i l e r o n .  With such  a l i n k a g e  and a s p r i n g  
of f i n i t e  s t i f f n e s s ,  t h e  s t i c k .- f o r c e  c h a r a c t e r i s t i c s  T i l l  
be a combina t ion  o f  t h o s e  o f  ax o r d i n a r y  balanci .ng (or un- 
b a l a u c i n g )  t a b  and t h o s e  of a s p r i n g- l i n k e d  tab.  
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A c h a r a c t e r i s t Y c  of  ‘ spr ing- -l inked ta.bs i s  t h a t ,  a s  
t h e  u p f l o a t f n g  t e n a e n c y  of t h e  a i l e r o n  i s  i n c r e a s e d ,  t h e  
t a b  and  t h e  a i l e r o n  t e n d  t o  d , e f l e c t  upward so a s  t o  r e d u c e  
‘the l o a d  i a  th.e ‘system‘, thus r e d u c i n g  t h e  p o s s i b i l i t y  of  
o v e r l o a d i n g  t h e  a i l e r o n s  d u r i n g  a c c e l e r a t e d  maneuvers; 
t h i s  e f f e c t  w i l l  g e n e r a l l y  be n e g l i g i b l e  unde r  s teady-  
f l i g h t  B o a d i t i o n s ,  p a r t i c u l a r l y  if Borne p r e l o a d  i s  used .  
A n a l y s i s  i n d i c a t e s  that  tabs a s  w e l l  B S  a i l e r o n s  should be 
s t a t i c a l l y  ba’zanced t o  a v o i d  o . s c i l l a t  i o n a .  The p o s s i b i l -  
i t y  of f l u t t e r  b e i n g  i n t r o d u c e d  by t h e  p r e s e n c e  “of t h e  
s p r i n g  was not  Xnves t iga ted ,  

‘ T h e -g e n e r a l  e q u a t i o n s  u s e d  i n  the  d e s i g n  o f  nonpre- 
loaded  $ p r i n g  t a b s ,  if i t  i s  aasumed t h a t  the t a b  i s  ae ro-  
dynamica l fy  b a l a n c e d ,  a r e :  

6, - A & ,  = a c o n s t a n t  ( f o r  a g i v e n  v a l u e  o f  0 , )  ( 4 )  

TheS’erB%&r 2 i n  e q u a t i o n  ( 1 )  a c c o u n t s  f o r  t h e  f a c t  t ha t  
there a r e  two .  a i l e r o n s  and t w o  s p r i n g s .  

E s t i m a t e d  R a t e s  of R o l l  and  S t i c k  F o r c e s  

As a n  exaqp le  of t h e  a p p l i c a t i o n  o f  t h e  d a t a  t h e  r a t e s  
of r o l l  and t h e  s t i c k  f o r c e s  d u r i n g  s t e a d y  r o l l i n g  o f  t h e  
a i r v l a n e  of  f i g u r e  3 have  been  e s t i m a t e d  f o r  f i v e  d i f f e r e n t  

e s t i m a t e d  by mea36 o f  t h e  r e l a t i o n s h i p  
, a i l e r o n  a r r a n g e m e n t s  ( f i g .  12).  The r a t e s  of  r o l l  were  

where t h e  c o e f f i c i e n t  of damping i n  roll C l t p  was t a k e n  
as  0.46 f r o m  t h e  d a t a  o f  r e f e r e n c e  5. I t  has bean assumed 
t h a t  t h e  rudder  w i l l  be  used  t o  c o u n t e r a c t  the yawing 
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moment, t h a t  t h e  a i l e r o n - o p e r a t  i n 5  mechani,sm- i s  n o n e l a s t i c ,  
and t h a t  t h e  wing w i l l  no t  ta ts t .  These assumpt ions  l e a d  
t o  cwnpated r a t e s  of r o : l l . h i g h s r  than may b s ' e x p e c t e d  under  
actuaL . f l i g h t  c o n d i t i o n s .  The stick f o r c e s  were estimated 
f r o m  t he  r e l a t i o n s h i p  

b 

-and i t  was assumed t h a t ,  f o r  any given  ar rangemenf ,  

E q u a t i o n  ( 6 )  faay 'be d e r i v e d  f rom t-he a i l e r o n  aimen- 
s i o n s  and t h e  f o l l o w i n g  a i r p l a n e  c h a r a c t e i i s t  i c s :  

Wing a r e a ,  s q u a r e  f e e t  . . . . . . . . . . . . . . .  260 

A i r f o i l  s e c t i o n  ( b a s i c )  . . . . . . . .  .NACA 230 ser ies  
Mean aerod$namic c h o r d ,  i n c h e s  . . . . . . . . . .  84.14 
Weight,  pounds . . . . . . . . . . . . . . . . . . .  7063 
Wing loadbng,  pounds p e r  s q u a r e  f o o t  . . . . . 2 7 . 2  
S t i c k  l e n g t h ,  f e e t  . . . . . . . . . . . . . . . . .  2 
Maximuq s t i c k  d e f l e c t f o n ,  9,, d e g r e e s  . . . . . . . . .  &21 

Span, f e e t .  . . . . . . . . . . . . . . . . . . . . .  38 
Taper  r a t i o  . . . . . . . . . . . . . . . . . .  1.67:1. 

The v a l u e  of t h e  c o n s t a n t  i n  e q u a t i o n  ( 6 )  i's dependent  
upon t h e  wing l o a d i n g ,  t g e  s i e e  of t h e  a i l e r o n s ,  and the  
l e n g t h  of t h e  e t i c k .  The t a b  was assumed t o  be aerodynam- 
i c a l ' l y  ba lanced .  The v a l u e s  o f  d ( 6 a  + A6a)/d8 may be 
de te rmined  f r o m  e q u a t i o n  ( 7 )  and f r o m  t h e  maximum s t i c k  de- 
f l e c t i o n  of *21° and  the  maximum q i l e r o n  d e f l e c t i o n s  noted,  
on f i gu re  12.. The v a l u e s  o f  C t '  and Ach u$ed i n  egua- 
t i o n s  (5)  and ( 6 )  a r e  t h e  values compute& t o  e r i s t  d u r i n g  
s t e a d y  r o l l i n g ;  t h e  l o c a l  a n g l e  of a t t a c k  a t  t h e  a i l e r o n s  
Buring r o l l i n g  has been t,aken i n t o  accoun t .  I n  o r d e r  t o  
t a k e  into accoun t  t h e  l o c a l  a n g l e  o f  a t t a c k  a t  t h e  a i l e r o n s ,  
t h e  r o l l i n g -  and hinge-moment c o e f f  i c ie 'n t s -  were r e p l o t t e d  
a g a i n s t  a n g l e  of a t t a c k  f o r  several a i l e r o n  d e f l e c t i o n s  and  
t h e  f a i r i n g  between t h e  t w o  p o i D t s  a t  a = 0.1' 
was gu ided  by t h e  f a i r j n g  o f  t h e  c u r v e s  ?.or t h e  p l a i n  un- 
s e a l e d  a i l e r o n ,  which were C P O S S  p l o t s  of  f i g u r e  6 ( b ) .  

and a = 13.4' 
- 
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I t  was hoped t h a t  compar i sons  of t h e  s t i c k - f o r c e  
c h a r a c t e r i s t i c s  c o u l d  be made w i t h  a l l  sys tems  des igned  
to. g i v e  a maximum computed pb/2V of 0.090 a t  V i  = 250 
m i i e s  p'er h o u r ,  Because o'f t h e  small s i z e  o f  t h e  a i l e r o n  
and t a b ,  however, e x c e s s i v e  d e f l e c t i o n s  w o u l d  be r e q u i r e d  
t o  r e a o h  pb/ZV = 0.090 and,  c o n s e q u e n t l y ,  t h e  maximum 
s t i c k  f o r c e  would no t  be  reduced  below t h a t  f o r  t h e  p l a i n  
' a i l e r o n s .  (See fig. I 2 ( a ) . )  This r e s u l t  i s  i n  agreement  
w i t h  t h e  c o n c l u s i o n  of r e f e r e n c e  6. Comparieo,p between 
t h e  p l a i n  a i l e r o n  and t h e  a i l e r o n  w i t h  s imp le  and sp r ing-  
l i n k e d  tabs  was t h e r e f o r e  made w i t h  systems des igned  t o  
g i v e  a pb/2V oaf 0.075 a% ' V i  = 250 m i l e s  p e r  hour .  

I n  e s t i m a t i n g  t h e  r a t e s  o f  r o l l  and t h e  s t i c k  f o r c e s  
f o r  t h e  a i l e r o n  w i t h  t h e  s p r i n g- l i n k e d  t a b  ( f i g s .  10 and 
12) f l  c u r v e s  o f  pb/2V and aileron hinge moment d u r i n g  
s t e a d y  r o l l i q g  were p l o t t e d  a g a i n s t  a i l e r o n  d e f l e c t i o n  
f o r  v a r i o u s  v a l u e s  o f  6, a t  t w o  v a l u e s  o f  V i e  The 
C h a r a c t e r i s t i c s  were  e s t i m a t e d  u s i n g  t h e  above-mentioned 
c u r v e s  and e q u a t i o n s  ( 2 )  t o  (61. 

The v a l u e  of A H  was a r b i t r a r i l y  l i m i t e d  t o  a maxi- 
m u m  o f  40 foo t -popnds  a t  a n  i n d i c a t e d  v e l o c i t y  o f  250 
m i l e s  p e r  hou r  and t h e  v a l u e s  o f  l a ,  I t t ,  and b % e r e  
assumed t o  be 0 .2  f o o t ,  0 . 1  f o o t ,  and  2.0 f e e t ,  r e spec-  
t i v e l y .  Under t h e s e  c o n d i t i o n s  t h e  v a l u e s  o f  k,, 6as  A&,, 
and 6 t  r e q u i r e d  f o r  a pb/2V o f  0 .075  a t  f u l l  s t i c k  
d e f l e c t i o n  w9re found  t o  be,  r e s p e c t i v e l y ,  3420 pounds per  
f o o t ,  i 2 O o ,  f8.4O, and,Z3.7°. With t h e s e  c o n s t & n t e ,  equa- 
t i o n  (6) reduced  t o  
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F s  = 0 , 6 7 6  AH, 

a i l e r o n  w i t h  t h e  s p r i n g- l i n k e d  t a b  and o u t l i n e s  t h e  p ro-  
c e d u r e  by which t h e  e s t i m a t i o n s  were made f r o m  t h e  r e l a -  
t i o n s h i p s  g iven :  

The f o l l e w i n g  t a b l e  shows t h e  c h a r a c t e r i s t i c s  o f  t h e  



From A H  
sad equa- 
t i o n  ( 2 )  

From A H  
and eq.ua- 
t i o n  (3) 

From A H ,  
&t, and 
c u r v e s  

From 6 a '  
S t ,  and 
o u r y e s  

From A H  
and e q u a  
t i o n  ( 6 )  

f5.8 
f12.0 
l t16.6 
h20.0 
f5.6 

k12.0 
k17.2 
&22.3 

0.028 
,054 
.068 

,027 
.057 
.076 
.093 

bo75 

6.8 
13.5 
20.3 
27.0 

4.4 
8.8 

13.5 
19.6  

T5.2 
F t O .  9 
TS5.8 
*,a . 

I t  shou ld  be p o i n t e d  ou t  t h a t  t h e  v a l n e s  f o r  a i l e r o n  
and t a b  d e f l e c t i a n s  a r e  n o t  e x a c t  f o r  t h e  &ow-speed a t t i -  
t u d e  a t  which t h e  a i l e r o n  h a s  a a  n p f l o a t i n g  tendency.  For 
s i m p l i c i t y  H was qssumed t o  be 1/20E. A c t u a l l y ,  however,  
t h e  u p f l o a t i n g  tendency  3t l o w  spee.d r e d u c e s  t h e  moment o n  
t h e  upgoing a i l e r o n  and i t s  t a b  d 4 f l e c t i o . n  and l o s s  i n  a i-  
l e r o n  d e f l e c t i o n  w i l l  t h e r e f o r e  be sma l l ;  whereas f o r  the 
downgu'ing a i l e r o n  the  o p p o s i t e  w i l l  be t ru -e .  The s t i c k  
f o r c e s  and r a t e s  of  r o l l  shou ld  not  be g r e a t l y  a f f e c t e d  
but  t he  yawing rnome'nt shou ld  become s l i g h t l y  less a d v e r s e  
tkail  f o r  a system wi th  e q u a l  up- and down- ai le ron  d e f l e c t i o n ,  

I n  e s t i m a t i n g  t h e  s t i ck  f o r c e s  t h e  a i l e r o n  moments were 
used  i n  p r e f e r e n c e  t o  t h e  manent-curve s l o p e s  ( e q u a t i o n  ( 1 ) )  
because  of t h e  n o n l i n e a r ' i t y  o f  t h e  c u r v e s  f o r  the l a r g e  a i -  
l e r o n  and t a b  d e f l e c t i o n  u s e d  i n  t h e  p r e s e n t  example. The 
high- speed s t i c k- f  o r c e  cu rve  c o u l d  be checked  r e a s o n a b l y  
w e l l  'by t h e  u s e  o f  s l o p e s  and i t  i s  p r o b a b l e  t h a t  such a 
p rocedure  would be s a t i s f a c t o r y  f o r  p r e l i m i n a r y  d e s i g n  pur-  
p o s e s  o r  when t h e  a i l e r o l i s  and t h e  t a b s  u s e d  a r e  s u f f i c i e n t l y  
l a r g e  t o  remain w i t h i n  t h e  l i n e a r  r a n g e s  as i s  c o n s i d e r e d  i n  
r e f e r e n c e s  2 ,  3, and 7 .  

If t h e  s p r i n g  were made t w i c e  a s  s t i f f  and i f  t h e  t a b  
ho rn  were made oiie-half a s  l o n g  as i n  t h e  example, t h e  char-  
a c t e r i s t i c s  of t h e  sys tem would be  unchanged except  f o r  a 
d e c r e a s e  i n  t h e  work needed t o  d e f l e c t  the s p r i n g  and a de- 
c r e a s e  i n  t h e  v a l u e  of A6.. The d e c r e a s e  i n  t h e  work  r e-  
q u i r e d  t o  d e f l e c t  t h e  s p r i n g  would r educe  t h e  maximum high-  

$ 



13 

speed s t i c k  f o r c e  by abou t  3 pounds.  The decrease i n 0 6 a  
would a l l o w  a n  i n c r e a s e  i n  t h e  r a t i o  of s t i c k  d e f l e c t i o n  
t o  a i l e r o n - d e f l e c t i o n  wi th  t h e  r e s u l t  t h a t ,  f o r  t h e  same 
maximum a i l e r o n  d e f l e c t i o - n  of  20' a t  high speed., t h e  s t i c k  
f o r c s s  wouLd be r educed  by $bout 15 p e r c e n t .  I t  a p p e a r s  
advant-agagus,  t h e r e f o r e t  t o  user a spri .ng a s  s t i f f  as  pos-  
s i b l e  w i t h o w t  r e d u c i n g  t h e  l e n g t h  o f  t h a  t a b  h o r n  t o  a 
v a l u e  s o  small t h a t  t h e  p i n  and  b e a r i n g  c l e a r a n c e s  would 
i n t r o d u c e  slack i n  the  t a b  system,  

The r e s u l t 8  of t h e  co,mputat ions  ( f i g .  1 2 )  i n d i c a t e d  
t h a t  t h e  u s e  of a i l e r o n s  wqth s i m p l e  o r  sp r ing - ldnked  
b a l a n c i n g  t a b s  would r e d u c e "  t h e  h igh- speed  s t i c k ' f o r c e s  
t o  c o n s i d e r a b l y  l e e s  t h a n  t h o s e  e x p e r i e n c e d  in t h e  u s e  of 
p l a i n  s e a l e d  a i l e r o n s .  Y o r  t h e  p a r t i c u l a r  a r r angemen t s  
c o n s i d e r e d  t h e  a i l e r o n  w i t h  t h e  s p r i n g- l i n k e d  t a b  had 
about  2 pounds h i g h e r  maximum s t i c k  f o r c e  a t  h i g h  speed  
t'izan t h e  a i l e r o n  n l t h  t h e  s imp le  tab.  The a i l e r o n  w i t h  
t h e  s p r i n g - f i n k e d  t a b  had t h e  f o l l o w i n g  a d v a n t a g e s  over  
t h e  a i l e r o n  w i t h  t h e  s i m p l e  tab:  ( 1 )  l e s s  v a r i a t i o n  o f  
s t i c k  f o r c e  w i t h  speed ,  ( 2 )  a n  i n c r e a s e  i n  r o l l i n g  e f f e c -  
t i v e n e s s  a s  t h e  speed  was r e d u c e d ,  (3) promise  o f  even  
lower h igh- speed  s t i c k  f o r c e s  w i t h o u t  t h e  r i s k  o f  ove rba l -  
anqe a t  l o w  speed ,  and  ( 4 )  a d e c r e a s e  o f  t h e  l o a d  on t'he 
a i l e r o n  sys tem d u r i n g  a c c e l e r a t e d  maneuvers.  As s t a t e d  
b e f o r e ,  t h e  c o m p a r a t i v e l y  l o w  maximum e f f e c t i v e n e s s  a t  
h i g h  speed  (pb /27  = 0.075) shown i n  f i g u r e  1 2 ( b )  was d e t e r -  
mined by t h e  f ac t  t h a t  the  a i l e r o n  and t h e  t a b  were small. 
Comparable s t ick- f  orce  c h a r a c t e r i s t i c s  b u t  w i t h  more r o l l -  
i n g  e f f e c t i v e n e s s  could be  expec t ed  f r o m  t h e  u s e  of l a rge r  
a i l e r o n s  and  t a b s  ( r e f e r e n c e  7 ) .  

A t t e n t i o n  i s  c a l l e d  t o  t h e  f a c t  t h a t ,  because  i t  au to-  
m a t i c a l l y  r e d u c e s  the  a i l e r o n  l o a d s  a t  h igh  speed ,  the 
s p r i n g  t a b  may p r e v e n t  o v e r o t r e s s i n g  of t h e  a i l e r o n  syrptem. 
If so  des ined ,  t h e  s p r i n g  may b e  d e s i g n e d  t o  c l o s e  com- 
p l e t e l y  a t  f u l l  s t i c k  d e f l e c t i o n  a t  a p a r t i c u l a r  i n d i c a t e d  
veLoci ty ,  t h e r e b y  l i m i t i n g  t h e  maximum t ab  d e f l e c t i o n .  The 
r a p i d  f c c r e a s e  of c o n t r o l  f o r c e  a f t e r  c l o s u r e  o f  t h e  s p r i n g  
would t e n d  t o  l i m i t .  t h e  s t i c k  d e f l e c t i o n  and t h e r e b y  l i m i t  
t h e  a i l e r o n  loads .  

The r e s u l t s  o f  t h e  v a r i o u s  i n v e s t i g a t i o n s  o f  s p r i n g  
t abs  b o t h  h e r e  and i n  England i n d i c a t e  t h a t  t h i s  d e v i c e  i s  
very  p r o m i s i n g  as  a means of a d j u s t i n g  c o n t s o l - s u r f a c e  
h i n g e  moments and i t  i s  recommended t h a t  f u r t h e r  i n v e s t i g a -  
t i o n s  o f  t h e  d e v i c e  be c a r r i e d  ou t  i n  f l i g h t .  
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The results of the caapntations and the t e s t a  of 
0.155-chord ailerons on an RACA 230-series a i r f o i l  M i -  
cated that ,  f o r  the arraneJeDnent tested, the use of ailerone 
with sllmple or  spring-linked balancing tabs would reduce 
the high-speed s t ick  forces t o  considerably lese  than those 
experienced in  the nee of plaln sealed ailerons if the 
systeme were designed f o r  low maximum aileron deflectione. 
The use of wring-linked tabs designed t o  give the desired 
characteristics at  high speed wo.lxld reduce the variation 
of s t ick  force with speed an& would also cause an lncreaee 
in rol l ing effectiveneds fo r  a giveq s t ick  deflection a8 
the speed was reduced, relative t o  plain aileronalor ai- 
lerona with simple tabs. 
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TABLE I.- ORDINATES FOR AIRFOIL 

3 

[Spanwise s t a t i o n s  i n  inches from roo% s e c t i o n .  Chord 
s t a t i o n s  and o r d i n a t e s  i n  p e r c e n t  o f  b a s i c  wing chord c , ]  

Model wing s t a t i o n  0 
i--------- r------- ------- 

S t a t i o n  I upper 1 sower s u r f a c e  surface 

0 
1.25 
2.5 
5 
7.5 
10 
15 
20 
25 
30 
40 
50 
60 
70 
80 
90 
95 
100 
100 . 73 

0 
3.48 
4.61 
6.10 
7.14 
7.89 
8.80 
9.22 
9.40 
9.37 
8.90 
8.02 
6.85 
5.44 
3.87 
2.12 
1.16 
18 
003 

0 
-1.60 
-2.36 
-3.21 
-3.82 
-4.33 
-5.12 
-5.71 

. -6.10 
-6.28 
-6.23 
-5.78 
-5.05 
-4.10 
-2.97 
-1.67 
9.94 
-.16 
-003 

L.E. radius :  2.65. Slope 
o f  r a d i u s  through end o f  
chord: 0.305 
,-*-------C--c---------- 

S t a t i o n  
------- 

0 
1-25 
2e5 
5 
7.5 
10 
15 
20 
25 
30 
49 
50 
60 
70 
80 
90 
95 

100 
101.2 

.-------- 

,----- 

UPP e%? 
sur face  ---- 
0 
1.89 
2.65 
3.70 
4.45 
4.98 
5-54 
5e73 
5.77 
5.71 

4.78 
4.06 
3.. 2 1 
2.26 
1.22 

0 70 
18 
.05 

5.36 

-------- 

---- 
L O W ~ ~  

surface 
__ - 

0 
-.84 
-1.07 
-1.26 

-1.52 
-1.86 
-2 . 22 
-2.46 
-2.62 
-2 * 70 
-2.56 
-2.27 
-le87 
-1.36 

4.40 

- . 7 8  

-. 14 
-.05 

-046 

.---- 
L.E. r a d i u s :  0.70. Slope 
o f  r a d i u s  through end of 
chord: 0.305 
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Flgure J- Character/s t /cs  of t h e  t a p e r e d  -wag 
mode/  w l t b  t h e  p/wn a//evon and t h e  
t o b  f / xed  a t  ze ro  
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f i gu re  7 - Characterist  /cs  o f  the  plain m l e r o n  
w t h  o f u / / - s p a n  tab on t h e  t o p e r e d -  
wmg m o d e / .  Gap s e d e d .  
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figure 8 - Chamcter /s t /cs  of t h e  p / o m  aderon  w i t h  

Q fu/ / -spon t a b  on  t h e  t a p e r e d - w m q  
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F/gure 9 - E t f e c t  o f  t a b  span and / o c Q t / o f l  on 
the c h o r a c t e r / s t i c s  o f  t h e  p/ain 
ai/evon on the  tapered-wing mode /  
Gap,  0.0052 , a ,  O./ , 

(to emure wi+h 5,/16'2 



NACA 
I 



2 7  

1 

Fig 11 

x 



0 

Figure /Z - S t i c k - f o r c e  charac ter /s t i cs  of t h e  p/a/n u / /e rons  
w / f h  0 * 2 0 c ~  by /Ob0 / I nked  ba/ancing t a b s  on the  
tapered w/ng  Gap sea/ed 
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